Introduction
============

Pancreatic ductal adenocarcinoma (PDAC) is the fourth leading cause of cancer-related deaths worldwide with an unfavorable 5-year survival rate of 8% ([@b1-mco-0-0-1807]). National Comprehensive Cancer Network (NCCN) recommends chemotherapy or chemo-radiation therapy for the treatment of locally advanced unresectable (UR-LA) PDAC. However, these therapies do little to improve disease prognosis. Recently, surgery after chemo-radiation therapy, i.e., conversion surgery, for UR PDAC was reported to improve prognosis ([@b2-mco-0-0-1807]). We demonstrated a case of successful conversion surgery following treatment of an UR-LA PDAC patient with interstitial pneumonitis using a gemcitabine and nab-paclitaxel (GnP) therapy. In addition, we retrospectively compare clinical efficacy of two chemotherapeutic regimens, GnP therapy and gemcitabine plus S-1 (GS) therapy for treatment of UR-LA PDAC.

Case report
===========

A 67-year-old woman suffering from dermatomyositis and interstitial pneumonitis (IP) controlled by an immunosuppressive agent, tacrolimus, was referred to the Department of General Surgery, Chiba University Hospital. Laboratory data reported a high level of carbohydrate antigen 19-9 (CA19-9; 1,713 U/ml), with no other remarkable laboratory findings. Abdominal multi-detector row computed tomography (MDCT) revealed a hypovascular tumor measuring 50 mm in the head of the pancreas. The tumor was in contact with the superior mesenteric artery (SMA), with invasion extending to the most proximal draining jejunal branch into the superior mesenteric vein (SMV) ([Fig. 1A and B](#f1-mco-0-0-1807){ref-type="fig"}). Further, the tumor spread over a third of the duodenum. Endoscopic ultrasonography (EUS) also indicated that the tumor was in contact with both the SMA and the SMV, and fine needle aspiration biopsy revealed adenocarcinoma. Positron emission tomography (PET) exhibited fluorodeoxyglucose uptake in the primary pancreatic tumor ([Fig. 1C](#f1-mco-0-0-1807){ref-type="fig"}); however, both PET and ethoxybenzyl-magnetic resonance imaging showed no evidence of distant metastasis.

On the basis of these clinical findings, the patient was diagnosed with UR-LA PDAC. She understood the risk of exacerbating her IP, and agreed to treatment with a combined regimen of gemcitabine (GEM, 1,000 mg/m^2^) and nab-paclitaxel (125 mg/m^2^), with subsequent conversion surgery. GnP chemotherapy was administered intravenously on days 1 and 8 and was repeated every three weeks. Before the start of GnP therapy, we consulted a physician specializing in allergy and collagen diseases and stopped administering tacrolimus. After six courses of GnP administration over five months, MDCT, EUS, and PET imaging demonstrated a significant response to chemotherapy ([Fig. 1D-F](#f1-mco-0-0-1807){ref-type="fig"}). Tumor size decreased to 18 mm, contact with the SMV was reduced from 180 degrees to 90 degrees and the SMA separated from the tumor. The level of CA19-9 decreased from 1,713 to 60.1 U/ml ([Fig. 2B](#f2-mco-0-0-1807){ref-type="fig"}). Despite these positive clinical responses, we could not schedule conversion surgery because the patient\'s IP had worsened ([Fig. 2A](#f2-mco-0-0-1807){ref-type="fig"}). For one month after steroid medication and restart of regular tacrolimus administration, lung function recovered. Despite the lack of tumor growth on MDCT, she was treated with three additional courses of GnP chemotherapy over two months because CA19-9 level had increased to 132.1 U/ml. After the additional chemotherapy, CA19-9 level decreased to 99.5 U/ml, and CT and EUS showed a partial response (PR) to chemotherapy using RECIST criteria with controlled IP. Based on criteria from the UICC-the 8th edition, TNM staging of before and after chemotherapy were T4N0M0 stage III and T1cN0M0 stage IA, respectively. After discussion with the patient and her family, conversion surgery was planned.

Pancreaticoduodenectomy was performed. Intraoperative pathological examination of a frozen section showed that the margins of the bile duct and stump of the pancreas were negative for cancer tissue ([Fig. 3A](#f3-mco-0-0-1807){ref-type="fig"}). Histological examination showed R0 (no residual tumor) resection, and less than 10% of tumor cells were replaced with fibrosis (Evans\' criteria I; [Fig. 3B](#f3-mco-0-0-1807){ref-type="fig"}). From pathological findings (well differentiated tubular adenocarcinoma, pT2 (20×15 mm), positive for common bile duct, duodenum, and perineural invasion, pN0 (0/20), pM0), the tumor was defined as f-stage IB. Although the patient suffered from chylous ascites after surgery, the patient made a satisfactory recovery and was discharged on postoperative day 42. After administration of adjuvant chemotherapy (S-1, 100 mg/day) for 6 months, the patient is vigorously alive at 23 months after initial treatment (14 months after surgery), with no recurrence.

Accumulative rates for the duration of chemotherapy prior to surgery were calculated using the Kaplan-Meier method. Statistical significance of the results was determined by Mann-Whitney U test. P\<0.05 was considered to indicate a statistically significant difference. Statistical calculations were performed using the JMP^®^ 13 (SAS Institute, Inc., Cary, NC, USA).

Discussion
==========

Surgical resection offers the only chance for cure in patients with PDAC. Conversion surgery with multidisciplinary therapy is an attractive and crucial treatment for UR-LA PDAC. Satoi *et al* ([@b3-mco-0-0-1807]) reported that conversion surgery for UR-LA significantly prolonged survival compared to survival without conversion surgery. Median overall survival (OS) time (MST) was 39.7 and 20.8 months following conversion surgery compared with a control group ([@b3-mco-0-0-1807]). Asano *et al* ([@b4-mco-0-0-1807]) reported that MST was 3.8 years in the conversion surgery group. Recently, Okura *et al* ([@b5-mco-0-0-1807]) reported that Kaplan-Meier analysis showed that patients treated with GnP therapy followed by conversion surgery presented significantly longer OS than those treated with GnP therapy without conversion surgery (MST: 22.5 vs. 11 months) ([@b5-mco-0-0-1807]).

The MPACT study demonstrated that GnP therapy is effective for treatment of metastatic PDAC ([@b6-mco-0-0-1807]). This therapy draws attention as standard chemotherapy for UR PDAC. Saito *et al* ([@b7-mco-0-0-1807]) showed that, after GnP therapy for UR-LA, tumor reduction was 37%, response rate was 71%, and conversion rate was 29%. Another chemotherapeutic regimen used to treat UR PDAC, FOLFIRINOX (5-Fluorouracil/leucovorin combined with irinotecan and oxaliplatin), is also used for chemotherapy preceding conversion surgery ([@b8-mco-0-0-1807]). Giovanni showed that response rate was 49% and conversion rate was 72.9% for UR-LA and borderline resectable PDAC ([@b9-mco-0-0-1807]). Furthermore, the percentage of UR-LA PDAC patients was reduced from 78 to 32% by use of FOLFIRINOX. Muranaka *et al* ([@b10-mco-0-0-1807]) have described that GnP (40.9%) showed higher response rate than that of FOLFIRINOX (6.3%) in UR PDAC; however, the superiority of including conversion surgery with either of these two regimes is still under debate. GS therapy is also a useful PDAC treatment, especially for Asian patients. The GEST study reported that response rates for GEM, S-1, and GS therapies were 12.9, 21.0 and 28.9%, respectively with a low incidence of adverse side effects ([@b11-mco-0-0-1807]). Thus, GS therapy is also considered an appropriate chemotherapeutic regimen for UR PDAC.

CA19-9 level is a reasonably reliable indicator of whether conversion surgery should be considered. Previous studies show that CA19-9 response to neoadjuvant therapy is closely related to high R0 resection rate and prolongation of survival ([@b12-mco-0-0-1807],[@b13-mco-0-0-1807]). In the present case, we decided to continue GnP treatment until CA19-9 level dropped because CA19-9 level in the patient increased slighted after steroid medication despite lack of progression of the tumor in radiological imaging.

A total of 29 cases treated with conversion surgery after chemotherapy for UR-LA PDAC between July 2009 and September 2017 (18 cases: GS therapy and 11 cases: GnP therapy) were identified (according to the NCCN guideline 2018.2) from records from the Department of General Surgery, Chiba University Hospital. In general, the indication for conversion surgery of these cases were determined on the basis of the significant reduction of serum CA19-9 level and loss of arterial invasion of tumor in MDCT imaging. The median duration of chemotherapy followed by surgery was 3.1 months after GS therapy, and 4.4 months after GnP therapy ([Fig. 4A](#f4-mco-0-0-1807){ref-type="fig"}). To compare chemotherapeutic efficacy, median reduction rates in CA19-9 levels were 86.7 and 73.7% after GnP and GS therapy, respectively ([Fig. 4B](#f4-mco-0-0-1807){ref-type="fig"}).

As shown in the present case, GnP therapy showed a greater reduction of tumor volume. Tumor reduction rates were significantly higher following GnP than after GS therapy, medians: 68.8 and 51.6%, respectively in this retrospective cohort (P=0.02, Mann-Whitney Wilcoxon test) ([Fig. 4C](#f4-mco-0-0-1807){ref-type="fig"}). The mechanism for this difference may involve stroma reduction induced by GnP therapy ([@b14-mco-0-0-1807]). GnP therapy may be suitable for conversion surgery because of this additional biological effect to the tumor volume reduction.

Chemotherapy causes a variety of adverse side-effects. In the present case, the patient had progressive IP during GnP therapy. Studies have shown that severe interstitial lung disease (ILD) has occurred following gemcitabine-based chemotherapy ([@b15-mco-0-0-1807],[@b16-mco-0-0-1807]). These studies reported an occurrence rate from 1.7 to 7.6%, and risk factors were prior thoracic radiotherapy, pre-existing pulmonary fibrosis, age of over 80 years, and lung cancer. The occurrence rate of ILD induced by nab-paclitaxel is reported as 6% ([@b17-mco-0-0-1807]). In this case, FOLFIRINOX was not selected because reported adverse events were more frequent in Japanese patients when compared with GnP therapy ([@b18-mco-0-0-1807]). IP did progress after GnP therapy; however cessation of immunosuppressive treatment for dermatomyositis and IP may be the underlying factor. Thus, collaboration between medical specialists for allergy and oncology is necessary to prevent progression of IP during GnP treatment for PDAC patients with ILD.

In conclusion, we describe a case of successful conversion surgery following gemcitabine plus nab-paclitaxel treatment of UR-LA PDAC. GnP therapy followed by conversion surgery is a suitable regimen to shrink UR PDAC tumors; however, long-term clinical outcomes need further investigation. Of particular note is that careful management of systemic conditions is needed to treat PDAC patients with IP using GnP therapy. Conversion surgery should be considered recognizing radiological responses (tumor shrinkage adjacent to major arteries) and reductions in CA19-9 levels. Further evidence and prospective cohort studies are necessary to establish an optimal strategy for treatment of UR-LA PDAC.
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![CT and PET before and after gemcitabine plus nab-paclitaxel therapy. (A) CT at the initial visit showed a hypovascular tumor measuring 50 mm in the head of the pancreas. The tumor was in contact with the SMA. (B) Tumor invasion extended to the most proximal draining jejunal branch into SMV and the tumor spread over one third of the duodenum. (C) PET at the initial visit showed high fluorodeoxyglucose uptake into the primary pancreatic tumor. (D) Tumor size decreased to 18 mm post-operation, contact with the SMV decreased to 90 degrees and the tumor separated from the SMA. (E) Tumor invasion in proximal draining jejunal branch into the SMV disappeared. (F) Fluorodeoxyglucose uptake into the primary pancreas tumor was eliminated. CT, Computed tomography; PET, positron emission tomography; SMA, superior mesenteric artery; SMV, superior mesenteric vein.](mco-10-04-0419-g00){#f1-mco-0-0-1807}

![CT images of the lung field and changes in serum CA19-9 levels during chemotherapy and prior to surgery. (A) Lung images prior to the initial treatment (left panel), after IP progression (middle panel), and improvements following steroid treatment (right panel). (B) The change in serum CA19-9 levels during the course of chemotherapy. CA19-9 levels were reduced markedly following 5 months of GnP therapy. At 2 months post-steroid treatment, GnP was therapy re-administered for 2 months. CT, computed tomography; CA19-9, carbohydrate antigen 19-9; IP, interstitial pneumonitis; GnP, gemcitabine plus nab-paclitaxel.](mco-10-04-0419-g01){#f2-mco-0-0-1807}

![Intraoperative and pathological images. (A) Intraoperative image. Gastroduodenal artery stump is indicated by the red arrowhead and the portal vein is indicated by the blue arrowhead. (B) Microscopic findings, following chemotherapy, of the surgical specimen showing a change of \<10% in the fibrous tissue with grade I on Evans\' grade criteria. Staining was performed with hematoxylin and eosin (magnification, ×40).](mco-10-04-0419-g02){#f3-mco-0-0-1807}

![Comparative analysis of clinical parameters between GnP and GS therapy. (A) Comparative analysis of time from initial treatment to operation for the GnP (red line) and GS (blue line) therapy groups. (B) Waterfall plot analysis for CA19-9 reduction from initial treatment to operation during GnP (red and orange bars) and GS (blue bars) therapy. The orange bar indicates a case where their serum CA19-9 level at initial treatment was within normal range. (C) Waterfall plot analysis for tumor shrinkage from initial treatment to operation for GnP (red bars) and GS (blue bars) therapy. Tumor volume was calculated using the following formula: π/\[6×(LxWxW)\], where L is the tumor length and W is the width. CA19-9, carbohydrate antigen 19-9; GnP, gemcitabine plus nab-paclitaxel; GS, gemcitabine plus S-1.](mco-10-04-0419-g03){#f4-mco-0-0-1807}
